In this work, the Hamiltonian of the four-body problem is considered under the effects of solar radiation pressure. The equations of motion of the infinitesimal body are obtained in the Hamiltonian canonical form. The libration points and the corresponding Jacobi constants are obtained with different values of the solar radiation pressure coefficient. The motion and its stability about each point are studied. A family of periodic orbits under the effects of the gravitational forces of the primaries and the solar radiation pressure are obtained depending on the pure numerical method. This purpose is applied to the Sun-Earth-Moon-Space craft system, and the results obtained are in a good agreement with the previous work such as (Kumari and Papadouris, 2013).
Introduction
Since the restricted four-body problem has an important role in astro-dynamics and space dynamics, therefore many attempts dealing with this problem have been done using numerical and analytical methods. Numerical simulations of the one-dimensional Newtonian four-body problem for the special case were conducted in which the bodies are distributed symmetrically about the centre of mass and were studied the Schubart-like periodic orbit's stability to perturbation where it is apparently stable in one-dimension but is unstable in three-dimen-sions [1] . The effect of radiation on some dynamical system of four-body problem was studied to obtain the location and stability of Lagrangian points [2] . Spatial equilateral restricted four-body problem was studied, obtained a first integral of motion with the help of the Hamiltonian structure, and showed the existence of periodic solutions by different methods in the planar case [3] . The families of simple symmetric and non-symmetric periodic orbits in the restricted four-body problem were presented [4] . Symmetric periodic orbits of the restricted four-body problem for the case of two equal masses were explored where they satisfy approximately the Routh's critical value [5] . The zero-velocity curves of the four-body problem were studied with solar wind drag [6] . The photo gravitational version of the problem of four bodies was studied numerically where an infinitesimal particle is moving under the Newtonian gravitational attraction of three bodies which are finite moving in circles around their center of mass fixed at the origin of the coordinate system, according to the solution of Lagrange where they are always at the vertices of an equilateral triangle [7] . An analytical study of the elliptic Sitnikov restricted four-body problem was presented when all the primaries considered as source of same radiation pressure [8] . The network of the families of simple symmetric periodic solutions of the restricted four-body problem was investigated and the effect of radiation on the periodic orbits was studied, their stability, as well as the evolution of the families when the radiation parameter varies, and Poincare sections of the problem are illustrated [9] . The classical lunar Hill problem was extended and the geometry of Poincare sections was investigated, also the direct and retrograde periodic orbits about the infinitesimal mass and their stable and unstable manifolds were studied [10] . Periodic orbits in the photo gravitational restricted problem when the primaries are tri-axial rigid bodies were investigated [11] . The Effect of Solar Radiation Pressure on the Libration Points of the Restricted Four-Body Problem was studied and the periodic orbits were presented [12] . The restricted four-body problem was studied and the orbits which emanated from some equilibrium points in which they focused on some families of symmetric horseshoe orbits were investigated and their relation with a family of the Lyapunov orbits was shown [13] . The photo-gravitational restricted four-body problem was studied with variable mass, zero velocity curves and Newton-Raphson basins of attraction were also discussed [14] . The existence of collinear and non-collinear equilibrium points and their linear stability in the framework of photo gravitational circular restricted four-body problem with Stokes drag acting as a dissipative force and the first primary as a radiating body and the second primary as an oblate spheroid was studied numerically [15] .
In this work the Hamiltonian of the restricted four-body problem is constructed under the effect of solar radiation pressure, the location of the libration points are obtained at different values of the solar radiation pressure coefficient, the stability of motion about the collinear libration points is studied and Poincare surface sections is used to illustrates these stabilities. 
Solar Radiation Pressure
According to Newton-Lebedev law, the general photo-gravitational force is described as the geometrical sum of two opposite forces, 1) Apart from the gravitational acceleration of the Sun on the spacecraft 
A is the cross-section area of the spacecraft surface, c is the speed of light, and r s is the distance between Sun and the spacecraft. So that ( )
where, 
Then, in the case of restricted four-body problem the effective potential included the effects of solar radiation pressure (SRP) is given by 
The Hamiltonian System of RFBP with (SRP)
To construct the Hamiltonian of the restricted four-body problem using the concept of Lagrange and Hamiltonian principle for the rotating frame ( ) , ,
where, nt ω = is the angular velocity of the rotating system, ω is the rate at World Journal of Mechanics which the primaries rotates about their center of mass and change their position per time (second) and n is the mean motion. Using Equation (3) 
By using the definition of the momentum i
the Hamiltonian is defined by [16] i i
Substitute from Equation (7) and Equation (8) into Equation (9), this yields the Hamiltonian of the restricted four-body problem with solar radiation pres-
where , , 
ω is the angular velocity of the center of mass of the two primaries about the Sun, and s R is the distance between the Sun and the center of mass 
when the velocity tends to zero, then Equation (12) becomes
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Location of the Libration Points with Effect of SRP
This is a quantic equation and its solution has five real parts depends on the parameters , , 
Motion in the Vicinity of the Collinear Libration Points and Its Stability
The Sun-Earth 2) The Eigen values are obtained from the characteristic equation.
3)
The Eigen values will be four values (2 real and 2 imaginaries). .
4) The two imaginary values
where the partial derivatives of the effective potential for the four-body problem with SRP are obtained as ( ) 
The solutions of the linear Equation (18) can be written as , and s is the coefficient of the imaginary Eigen value.
Results and Discussion
The Sun-Earth-Moon-spacecraft system is used to illustrate this work. The
Earth's mass Equation (13), Table 1 shows the collinear libration points and the corresponding Jacobi constant at different values of the solar radiation pressure β, it is notice that there is a shift in positions of each of libration points related to the values of the solar radiation pressure coefficient β. It is clear from Table 1 that L1, L3 and L5 shifted to right of collinear axis with the increasing of solar radiation coefficient β, while L2 and L4 shifted to left with increasing the solar radiation coefficient β. Figure 1 (a) and Figure 1(b) illustrates the ZVC at the L5 without SRP and with SRP respectively. When the Jacobi constant C is large, the separated areas are allowed at which the fourth body is moving and never moves from one allowed region to another.
Also, the effects of SRP separate the asymptotic circles. Figure 2 they are more closed around the libration point (the center). Here, the regular islands are expanded gradually because of radiation pressure. Again, the island centered about 1.06 x = shows that the trajectory is regular, which mean that the region in the neighborhood of 1.06 x = is stable, and this region shrinks towards center. This is more clear at Figure 3 
Conclusion
In this work, the study is concentrated on the motion about the collinear libra- 
